Regional climate simulations over Europe were initialized with soil moisture derived from the Advanced Microwave Scanning Radiometer-Earth Observing System (AMSR-E) in order to assess the model accuracy in predicting soil moisture and other components of the hydrological cycle. The AMSR-E soil moisture initially showed systematic differences with model-predicted soil moisture. For proper initialization the AMSR-E product had to be rescaled and after that vertically profiled. To retrieve a root zone soil moisture profile, we tested the application of an exponential filter. The smoothing through the layers of the ERA-Interim soil moisture profile was applied to the rescaled AMSR-E surface soil moisture. The filter performed very well for that part of the data set where the top layer is positively correlated with the deeper layers. After the preparation of the soil moisture fields, several sensitivity simulations were performed. The model's soil moisture was replaced with the vertically profiled AMSR-E soil moisture at different initial times for a dry summer (2003) and a wet summer (2005). In general, the surplus of soil moisture in the AMSR-E data resulted in a better performance in predicting temperature when compared with observations. This finding was more pronounced in the dry summer of 2003 when the model results appeared very sensitive to land-atmosphere feedbacks. Our results suggest that in dry years, the use of appropriate observed soil moisture may help more to reduce modelled surface temperatures than inducing additional rainfall in the model. Using the AMSR-E product led to a decrease in areal extent sensitive to land-atmosphere interactions. * This chapter is published as: Bisselink, B., E. van Meijgaard, A. J. Dolman, R. A. M. de Jeu (2011), Initializing a regional climate model with satellite-derived soil
Introduction
Surface soil moisture is a key state variable which integrates much of the land surface hydrology and exerts considerable control on several land-atmosphere exchanges. From various simulation studies, it has been shown that the performance of numerical weather prediction (NWP) models is partially dependent on the realism of the parameterization of subgrid-scale land surface processes (see Garratt, 1993 for a review). These exchanges between the land surface and the atmosphere have consequences for climate and weather systems at larger scales (Entekhabi, 1995) . Soil moisture has a long memory in forcing atmospheric processes over land (Wang et al., 2010) and can modulate droughts and floods. For example, early season soil moisture deficit was shown to contribute to the extremely hot summer in 2003 (Fischer et al., 2007b . In the short term, it controls the partitioning of available energy at the surface between sensible and latent heat flux affecting planetary boundary layer characteristics (Pitman, 2003) . The interaction between the land surface, planetary boundary layer and the overlying atmosphere is a key aspect of the current climate system in regions between dry and wet climates (e.g., Betts, 2004; Koster et al., 2004; Seneviratne et al., 2006; Seneviratne and Stöckli, 2008) . Therefore, a good representation of soil moisture is required to improve simulations of the interactions between the surface and atmosphere, and thus ultimately, to improve predictions of local circulations and (convective) precipitation.
Accurate estimates of surface soil moisture are often difficult to obtain, especially at larger spatial scales. The main reason is that it is a very difficult variable to measure, not at a point in time, but on a consistent and spatially comprehensive basis (Leese et al., 2001) . Satellite remote sensing can be an ideal tool for obtaining data at globally scales.
While remote sensing from satellite offers the advantage of global coverage, they have also some drawbacks. They observe brightness temperature that needs to be converted into a meaningful soil moisture value. Furthermore, techniques are likely to provide information about the moisture of a shallow surface soil layer: 5 cm or less (Schmugge, 1983) and yield no information on the root zone. This shallow sensing depth imposes a serious limitation on the use of passive microwave measurements of soil moisture for land-atmosphere interaction studies.
Several approaches have been developed in order to obtain profile soil moisture estimates based on surface soil moisture information. These approaches are based on regression equations (Biswas and Dasgupta, 1979; Jackson et al., 1987; Ragab, 1995) , inversion approaches (Njoku and Kong, 1977; Entekhabi et al., 1994) , or assimilation methods using surface schemes (Wigneron et al., 1999; Calvet and Noilhan, 2000) . Wagner et al. (1999) proposed to use a simple empirical method for estimating the profile moisture from the surface soil moisture. Since the soil moisture content integrated over deeper layers exhibits much smaller variations than in the topmost layer, it appears sensible to use a filter which smoothes the surface soil moisture series at deeper layers. In this study, we explore the applicability of remotely sensed near-surface soil moisture over Europe, derived from the passive microwave Advanced Microwave Scanning Radiometer-Earth Observing System (AMSR-E) instrument, to initialize a regional climate model. The soil moisture fields are generated by the AMSR-E soil moisture retrieval algorithm developed by the VU University Amsterdam in collaboration with NASA (Owe et al., 2008) .
In order to quantify the contribution of soil moisture to land-atmosphere interactions, we conduct regional climate simulations with the Royal Netherlands Meteorological Institute (KNMI) regional atmospheric climate model RACMO2 (Lenderink et al., 2003; van Meijgaard et al., 2008) for two hydrological extreme years over Europe: the dry summer of 2003 and the wet summer of 2005. In 2003, a spring precipitation deficit and persistent anticyclonic conditions from May to August resulted in exceptionally high temperatures and lower-than-average precipitation conditions in August (Schär et al., 2004; Fischer et al., 2007b) . In contrast, the summer of 2005 was cool with heavy precipitation. The saturated soils could not absorb the intense rainfall in August, which resulted in devastating floods in Switzerland, Austria, Germany (Jaun et al., 2008) and Estonia (Mätlik and Post, 2008) .
Several sensitivity simulations are performed with different initial soil water conditions of the AMSR-E soil moisture and compared with the ERA-Interim soil moisture control run. Before that, the ERA-Interim and the AMSR-E soil moisture are rescaled within the range spanned by the wilting and saturation point of the model while retaining the full dynamical variability. Then, a mathematically equivalent formulation of the empirical method of Wagner et al. (1999) as proposed by Stroud (1999) and applied by Albergel et al. (2008) is used and tested to retrieve a soil moisture profile of the AMSR-E soil moisture. An observation (E-OBS) dataset of near surface atmospheric variable is used to evaluate the performance of the RACMO2 runs initialized with soil moisture of the AMSR-E and ERA-Interim soil moisture. This paper is organized as follows. Section 4.2 presents the data and gives a description of the methods used before initialization the model. Section 4.3 contains a description of the performed sensitivity simulations and a comparison of the temperature and precipitation with observations. Section 4.4 gives a description of the consequences of the initializing with AMSR-E soil moisture for the energy balance and the land-atmosphere interactions. The conclusions are finally presented in section 4.5.
Data and methods

Soil moisture fields
In this study, we use two groups of soil moisture fields: derived from ERA-Interim reanalysis and satellite observations.
ERA-Interim
The ERA-Interim reanalysis data set contains a physically consistent atmosphere and surface analysis for the period from 1989 until present based on the ECMWF NWP model cycle31 release 2 (Simmons et al., 2007) . In this study, we used the volumetric soil water at four layers: 0-7 cm, 7-28 cm, 28-100 cm and 100-289 cm depth from March until October 2003 and 2005 respectively. We used the 0.25° x 0.25° degree spatial resolution, which is interpolated from 0.5° x 0.5° degree with using the interpolation library (EMOSLIB) used by the ECMWF. The smoothing effect between the 4 layers of the volumetric soil water is calculated and we applied this effect on the satellite-derived soil moisture to retrieve a soil moisture profile.
AMSR-E
Satellite observations from AMSR-E on board of the AQUA satellite are used for soil moisture detection. The instrument measures the microwave radiation emitted by the Earth's surface in vertical and horizontal polarization, expressed in terms of brightness temperature. The brightness temperatures are converted to soil moisture values with the Land Parameter Retrieval Model (LPRM; Owe et al., 2008) . The LPRM is based on a microwave radiative transfer model that links surface geophysical variables (i.e., soil moisture, vegetation water content, and soil/canopy temperature) to the observed brightness temperatures. AMSR-E scans the Earth's surface in an ascending (1:30 pm) and descending (1:30 am) mode.
A data mask was developed on the AMSR-E data products to eliminate those data cells where soil moisture values were either meaningless due to frozen soil conditions, snow cover or excessive vegetation, or were unreliable because the residual between observed and modeled brightness temperature exceeds 0.25 K (de Jeu et al., 2008) . This means that, in the time period we used, the soil moisture values in Scandinavia and Russia (except for the summer months) had to be interpolated to achieve a full coverage of the model's domain.
In ). The dataset is validated extensively (i.e., de Jeu et al., 2008) . Due to the limited penetration depth (0.5-2 cm), the AMSR-E data is sensitive to the very high variability of the soil moisture content. Because of this high variability, the AMSR-E data set was filtered to reduce the noise using a 5-day moving average.
Scale issues
Meaningful sensitivity simulations initialized with satellite observations are only possible if we know how to relate satellite-derived and model-predicted soil moisture contents. Ideally, these are equivalent quantities that can be directly compared or exchanged. Unfortunately, this is not the case. On the one hand the satellite inferred soil moisture results from an involved retrieval procedure as was pointed out in section 4.2.1. On the other hand, the model-predicted soil moisture is essentially the result of solving a budget equation of sources and sinks of soil water. Direct comparison is further complicated by differences in satellite pixel and model grid resolution, and also the mismatch between the penetration depth of the satellite inference and the topsoil layer depth in the model. Yet, while there is ample reason to avoid comparing absolute soil moisture contents from satellite and model, we assumed that, to some extent, the temporal evolutions of both soil moisture estimates can be directly compared; that is, low (high) satellite values relate to low (high) model values, implying that we might link a satellite value to a model value by relating the mutual elements in size ranked series. We have applied this assumption as follows. First we made independent climatologies of both satellite and model soil moisture for similar domains and resolution and for synchronous time periods. In this work, climatologies have been compiled for a 50 km (roughly 0.5°) resolved European domain and for the growing seasons 
Soil moisture profile retrieval
The profile soil moisture contents are often reasonably well correlated with the surface soil moisture. This is because both are affected by the weather patterns during the preceding few days to weeks. Since the soil moisture content integrated over deeper layers exhibits much smaller temporal variations than in the top layer, it appeared sensible to use a filter which smoothes the surface soil moisture series to reproduce the trend in deeper layers. A simple method based on an exponential filter has been developed by Wagner et al. (1999) that relates surface soil moisture estimates to the profile soil moisture content:
or in a more simple form according the recursive formulation described by Stroud (1999):
where K [0,1] at time t n is given by:
(4-3)
For the initialization of the filter, K 1 = 1 and SWI 1 = ms(t 1 ). SWI is the Soil Water Index and is a trend indicator ranging from 0 to 1 m ). The parameter T represents the time scale of soil moisture variation, in units of day. It can be considered as a proxy parameter for all the processes affecting the temporal dynamics of soil moisture, such as the thickness of the soil layer, soil hydraulic properties, evaporation, runoff and vertical gradient of soil properties (texture, density). With this recursive formulation it turned out to be easier to handle the data than with the original exponential filter.
Figure 4-2. Results for the optimized characteristic time length T opt (days) of the recursive formulation of the exponential filter based on ERA-Interim soil moisture for the deeper layers, (a)-(b) 7-28 cm, (c)-(d) 28-100 cm and (e)-(f) 100-289 cm for March-October 2003 and March-October 2005.
For each grid cell, the top layer (0-7 cm) of the ERA-Interim soil water, the ms values, is used through the recursive formulation of the exponential filter. The calculated SWI fields are compared to the 7-28 cm, 28-100 cm and 100-289 cm ERA-Interim volumetric soil water for different values of T (up to 100 days). The T parameter corresponding with the highest correlation is selected to get the definitive SWI for the three deeper layers and is called T opt . In Fig. 4 -2 the spatial variability of T opt is presented. The best correlation between the calculated SWI and the ERAInterim volumetric soil moisture at 7-28 cm is set equal to 1-2 days for both 2003 (Fig. 4-2a) and 2005 (Fig. 4-2b) . T opt is increasing with the depth of the soil layer to a maximum of 100 days. Albergel et al. (2008) found no clear link between T opt and soil and climate characteristics over France. Here, the highest values of T opt are observed in areas with a drier climate.
In the dry year of 2003 the values of T opt are higher for the deeper layers than in 2005. Higher values of T opt are representative of a slower response of the deeper layers to the surface soil moisture.
Figure 4-3. Correlation maps between the ERA-Interim volumetric soil water and the SWI calculated with the most optimum T (T opt ) for the deeper layers, (a)-(b) 7-28 cm, (c)-(d) 28-100 cm and (e)-(f) 100-289 cm for March-October 2003 and March-October 2005.
The exponential filter is based on positive correlation between the surface layer and the deeper layers. Figure 4 -3 shows correlation maps between the resulting SWI values and the ERAInterim volumetric soil water for the 7-28 cm, 28-100 cm and 100-289 cm layers. The exponential filter represents the ERA-Interim soil moisture very accurately when the correlation between the surface layer and the deeper layers is positive. The exponential filter is less representative when the depth of the soil layers increases or when the layers are negative correlated. Negative correlation is observed in Scandinavia and Russia where snow and soil freezing affect the sensitivity from the surface to the deeper layers (Fig. 4-3) . The determined T opt (Fig. 4-2) thus is used to calculate SWI fields in order to obtain a soil moisture profile for the rescaled AMSR-E surface moisture. Because of the snow and soil freezing in Scandinavia and Russia, the retrieved soil moisture is less representative in these areas. For this reason we need to be cautious in the interpretation of these results.
Model and experiments
The KNMI regional atmospheric climate model RACMO2 (Lenderink et al., 2003; van Meijgaard et al., 2008) has been used to produce 50 km resolved model integrations for the European domain in a rotated latitude-longitude projection at the seasonal time scale. The land surface processes are described by the hydrology revised version of the Tiled ECMWF Scheme for Surface Exchanges over Land (Hydrology-TESSEL; Balsamo et al., 2009) .
For both years 2003 and 2005, four RACMO2 runs were carried out from March until October (Fig. 4-4) . The control run (ERAIN) is initialized on 1 March with ERA-Interim soil moisture. Before initialization, the soil moisture of ERA-Interim (which uses the TESSEL land surface model) is rescaled in the soil moisture range used in RACMO2 that uses answer land surface model, HTESSEL. In addition to the control run, three runs were executed in which the initialized time of the AMSR-E soil moisture was varied. One run is started at initial time 1 March (AMSR-E i ). After the initialization, the soil moisture evolves freely until the simulations end in October. One run is started every 1 st day of the month (AMSR-E m ) and one run every day (AMSR-E d ) to obtain interactions between the land and the atmosphere directly originating from the AMSR-E soil moisture product between March until October. et al. (2008) described a new European high-resolution gridded dataset of daily climate over Europe. The dataset has been developed as part of the EU-funded ENSEMBLES project, termed the E-OBS data set. The data was constructed through interpolation of the ECA&D (European Climate Assessment and Data) station data described by Klok and Klein Tank (2009) . From the data set we used the daily mean of the 2m temperature, minimum and maximum temperature, and the precipitation from (45.75°N-53.25°N; 5.25°E-30.75°E) in Fig. 4-5f is used for the analysis of area-averaged soil moisture, temperature, precipitation and several components of the hydrological cycle.
Observational data
Haylock
) AMSR-E i minus ERAIN, (c)-(d) AMSR-E m minus ERAIN, and (e)-(f) AMSR-E d minus ERAIN. The land portion within the black rectangle
In Europe, clear differences between the soil moisture in the top 10 cm of the AMSR-E runs and the ERAIN runs can be noticed. For both 2003 and 2005, the difference in soil moisture between the AMSR-E runs and the ERAIN runs are negative at large parts in the Balkan region, at all initialization times. This results from the fact that the soil moisture values of the AMSR-E product are lower than the ERA-Interim soil moisture values in this region. The difference between the AMSR-E i run and the ERAIN run is very negative in large parts of eastern Europe, which indicates that the soil moisture values of the AMSR-E product are again lower than the ERA-Interim soil moisture values at 1 March in this region (Figs. 4-5a,b) . As the initialization frequency increases (Figs. 4-5c-f) , the difference between the AMSR-E runs and ERAIN runs are becoming more positive from western Europe to the Baltic States. This suggests, for both 2003 and 2005 , that the soil moisture values of the AMSR-E product are higher than the soil moisture values of the ERAIN run in the period March-October for this region.
In Fig. 4-6 we present time series of the top 10 cm soil moisture for the ERAIN, AMSR-E i , AMSR-E m and the AMSR-E d run averaged over 45.75°N-53.25°N; 5.25°E-30.75°E (see rectangular in Fig. 4-5f ) for 2003 (Fig. 4-6a) and 2005 (Fig. 4-6b) respectively. In both 2003 and 2005, the soil moisture in the ERAIN runs is higher than in the AMSR-E runs at the beginning of the time series. The AMSR-E i soil moisture approaches the ERAIN soil moisture in time and the AMSR-E m soil moisture is set back to the initial AMSR-E soil moisture every first of the month. 
) for the ERAIN, AMSR-E i , AMSR-E m and AMSR-E d RACMO2 run averaged over 45.75°N-53.25°N; 5.25°E-30.75°E for (a) 2003 and (b) 2005.
Evaluation of the temperature and precipitation simulations
The simulations are compared against observations to assess the performance of the model with different soil moisture products and initialization time. The evaluation is based on temperature and precipitation as these variables are available from the E-OBS and represent essential variables in the hydrological cycle of the model.
In general, the temperature is overestimated in a large part of eastern Europe and the Balkan region and underestimated in northern and southern Europe for all the eight runs for both 2003 and 2005 (Fig. 4-7 In the period March-October the AMSR-E i soil moisture approaches the ERAIN soil moisture with the AMSR-E i soil moisture as the driest run (Fig. 4-6) . Consequently, for both 2003 and 2005, the temperature is largely overestimated in the AMSR-E i run compared with the observations (Figs. 4-7c,d ) in east Europe. This suggests that the initial AMSR-E soil moisture at 1 March was too low in these areas for both 2003 and 2005 . From all three AMSR-E runs, the AMSR-E d runs produce the best results compared with the observations for both 2003 and 2005 (Figs. 4-7g,h) . In 2003, the AMSR-E d run (Fig. 4-7g) gives better results than the ERAIN run (Fig.  4-7a ) compared with the observations, especially for western Europe. For 2005, the AMSR-E d run (Fig. 4-7h) gives almost the similar results as the ERAIN run (Fig. 4-7b ) compared with the observations.
Figure 4-7. Mean March-October (a)-(b) ERAIN, (c)-(d) AMSR-E i , (e)-(f) AMSR-E m , and (g)-(h) AMSR-E d 2m temperature minus E-OBS 2m temperature (K) for 2003 and 2005.
In Fig. 4-8 precipitation evaluation is shown to be overestimated in northern Europe, Spain, the Alps, Pyrenees and the coastal areas of the Balkans and northern Turkey at all initialization times for both 2003 and 2005 . Precipitation is underestimated in the Benelux and (south) eastern Europe. In both AMSR-E i runs (Figs. 4-8c,d ), the underestimation of the precipitation in a large part of (south)east Europe is related to the overestimation in temperature compared with the observations (Figs. 4-7c,d) . Of all runs, the simulations with ERAIN (Figs. 4-8a,b) and AMSR-E d (Figs. 4-8g,h ) capture the observations best with small differences between both runs. This appears to suggest that precipitation in RACMO2 is not very sensitive to the differences in the soil moisture of the ERAIN and the AMSR-E d run. To look in more detail, we present in Fig. 4-9 
Figure 4-8. Mean March-October (a)-(b) ERAIN, (c)-(d) AMSR-E i , (e)-(f) AMSR-E m , and (g)-(h) AMSR-E d precipitation minus E-OBS precipitation (mm month
-
-9. Comparison between ERAIN, ASMR-E d and E-OBS for the (a)-(b) 2m temperature, (c)-(d) minimum temperature, (e)-(f) maximum temperature, and (g)-(h) precipitation averaged over 45
. 75°N-53.25°N; 5.25°E-30.75°E for 2003 and 2005 . (Fig. 4-6a) leads to a slight cooling.
From both graphs (Figs. 4-9g,h ) and Table 4 -1 it can be noticed that, for the precipitation, there are hardly any differences between the ERAIN and the AMSR-E d runs. Both ERAIN 
Land surface-atmosphere feedbacks
In this section, the land surface impact on atmospheric feedbacks is investigated by looking at the difference of the simulated effect of the AMSR-E and the ERAIN soil moisture on the energy balance and the partitioning of energy over the various fluxes. Figures 4-10a ,c show the latent and sensible heat flux for the AMSR-E d and the ERAIN run for 2003. From March until mid-June, the latent heatflux (Fig. 4-10a ) in the ERAIN run is higher than in the AMSR-E d run in 2003. From mid-June until October, the latent heatflux in the AMSR-E d run is higher than in the ERAIN run. The difference between both runs is most noticeable during the warm period (May-August) of 2003. Application of the AMSR-E d soil moisture product results in a decrease of evaporation in May until mid-June and an increase of evaporation from mid-June until October. The decrease and increase in evaporation is associated to a respective increase and a decrease in the sensible heat flux (Fig. 4-10c) , which affects the temperatures as well (Figs. 4-9a,c,e) . Because of the difference in the latent heat flux, the humidity in the atmosphere is affected as well. Under conditions of high atmospheric moisture and low sensible heat in the period July and August 2003, the planetary boundary layer height will decrease in the AMRE-E d run (Fig. 4-10e) , which results in more cloud cover (Fig. 4-10g) . As clouds strongly affect radiation a potential feedback loop comes into play in these RACMO2 runs. Because of the uncertainties associated with these feedbacks, it is difficult to infer whether such a mechanisms play an important role in reality (Seneviratne et al., 2010) (Figs. 4-10b,d ,f,h,j,l,n,p), the impact of a different soil moisture product is less pronounced. Thus, the effect of a different soil moisture product on the interaction between land and atmosphere is most pronounced in the warm months ).
An indirect measure of the coupling between soil moisture and land surface temperature is the correlation between summer latent heat flux and 2m temperature, as proposed by Seneviratne et al. (2006) . A negative correlation implies a strong soil moisture-temperature coupling (water stress) (i.e., high temperature as a result of low or no evapotranspiration), while positive correlations generally point to a strong atmospheric control on the evapotranspiration (energy stress). We applied this coupling diagnostic on the latent heatflux (Figs. 4-10a,b) and the 2m temperature (Figs. 4-9a Seneviratne et al. (2006) , the strongest coupling (negative ρ LE,T2m ) is found in the Mediterranean region, which is a transitional zone between dry and wet climates. In a wet climate, when enough water is available, evaporation is controlled by radiative energy. In dry climates, evaporation rates are sensitive to soil moisture but the rates of evaporation remain small. Only in the transition zones between wet and dry climates, where the evaporation is suitably high but still sensitive to soil moisture, we can expect that soil moisture variations affecting both air temperature and precipitation through the surface energy balance (Koster et al., 2004 (Koster et al., , 2009 ). However, the maps also show that there are significant differences between the simulations regarding the strength of this effect. The results for 2003 (Figs. 4-11a,c) show stronger soil moisture-temperature coupling compared to 2005 (Figs. 4-11b,d) . As a consequence of a drier soil in 2003 compared with 2005, central and eastern Europe now become a new transitional zone between dry and wet climate and thereby susceptible to strong land-atmosphere coupling. However, this mechanism is less pronounced when using the AMSR-E d soil moisture product (Fig.  4-11c ). The map with ρ LE,T2m from the AMSR-E d run (Fig. 4-11c) shows fewer areas, especially mountainous areas, with a negative correlation. This indicates a shift towards a less soil moisture controlled evapotranspiration regime in these areas. For 2005, the differences between the ERAIN and AMSR-E d simulations are less pronounced.
Consistent with
Thus, concerning the changes in ρ LE,T2m between the ERAIN and the AMSR-E d simulations in 2003, a shift towards a less soil moisture controlled evapotranspiration regime in Europe can be identified due to wetter soil moisture conditions in June until August in the AMSR-E d run.
Conclusions
RACMO2 is initialized with AMSR-E data to explore the applicability of using satellitederived soil moisture maps. We conducted simulations for a dry summer (2003) and a wet summer (2005) to investigate the consequences of using different soil moisture input for the meteorological ground fluxes and hydrological cycle. The results presented in this study are encouraging in the context of using satellite-derived soil moisture for initializing a regional climate model.
Initializing RACMO2 with AMSR-E soil moisture results in more moisture in the model's top 10 cm in west, central and east Europe and less soil moisture in the Mediterranean and Balkan region for both 2003 and 2005 (Figs. 4-5 and 4-6) . The surplus of moisture in the AMSR-E data gives a better performance for the temperature, especially for west and central Europe. However, the effect of different soil moisture initialization on the temperature seems to be more pronounced in the dry year of 2003. In dry periods, when the usual westerly flow regime over Europe bringing moisture and rain is weak or absent, the continental weather is potentially influenced by soil moisture (Bisselink and Dolman, 2008, 2009 ). For precipitation, the effect of a different soil moisture product is less pronounced.
A correct representation of the soil water buffering in land surface schemes used for weather and climate prediction is essential to accurately simulate surface water fluxes toward both the atmosphere and rivers (van den Hurk et al., 2005; Hirschi et al., 2006) . RACMO2 used the HTESSEL land surface scheme, which is the successor of TESSEL. A well known problem of the TESSEL land surface scheme is a tendency of a summer continental dry bias in the RCM that results in too dry and too warm simulations of summertime climate (Lenderink et al., 2003) . The new HTESSEL land surface scheme is introduced to address shortcomings in the soil moisture component of the land surface scheme. However, in the RACMO2 simulations initialized with ERA-Interim soil moisture fields the temperatures are still overestimated in west, central, east Europe and the Balkan region, especially in the dry year of 2003 (Fig. 4-7a) . With the AMSR-E soil moisture the summer drying is only observed in east Europe and the Balkan region. The wetter AMSR-E soil moisture compensates the drying problem of HTESSEL and suppressed the temperature to match better the observations. Associated with increased soil moisture in the summer months of 2003 is an intensification of the hydrological cycle (Fig. 4-10) . The change in soil moisture modifies the partitioning of available energy over sensible or latent heat fluxes in the RACMO2 runs. Wetter soils lead to an increase in evaporation which is associated by a decrease in sensible heat flux, a reduction of the boundary layer height, an increase in cloud cover and finally more precipitation. This result is consistent with the RCM wet simulation of Fischer et al. (2007b) and the budget analyses of Schär et al. (1999) . For 2003, when the moisture of advective origin diminishes, the surplus of soil moisture becomes an important contributor to precipitation (Bisselink and Dolman, 2009) . The triggering of precipitation may be a result of enhanced instability induced by wet soils (Schär et al., 1999; Bisselink and Dolman, 2009; Fischer et al., 2007b) .
The increased cloud formation due to wet soils could reduce the amount of solar radiation at the surface and thereby provide a negative feedback to the turbulent fluxes. However, Schär et al. (1999) showed that the reduction of shortwave absorption associated with increased cloud cover is overpowered by the longwave radiative effects, which means that total net radiation in summer is generally higher over wetter soils. This effect is rather unexpected and can contribute towards increasing the potential for convective instability. Note that this sensitivity experiment is rather artificial with extreme dry and wet conditions and difficult to verify with observations. At this moment, we cannot assess how well the radiation feedbacks are represented in the RACMO2 model.
Land-atmosphere coupling is restricted to transition zones between wet and dry climates, like the Mediterranean (Seneviratne et al., 2006) . However, the location and extent of the transition zones differs from year to year. In the dry year of 2003, the transition zones are expanded to a large area of Europe (Fig. 4-11a) . In contrast, the transition zones in the wet year of 2005 are limited to the Balkan and the Mediterranean region (Fig. 4-11b) . Moreover, the geographical location of the transition zones is also dependent on the prevailing amount of soil moisture. Using the wetter AMSR-E product in June until August 2003 led to a decrease in areal extent sensitive to land-atmosphere interactions (Fig. 4-11c) . For 2005, the areas that are sensitive to land-atmosphere interactions remain equal in size and location (Fig. 4-11d) .
